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A MEDIUM COMPOSITION, METHOD AND DEVICE FOR SELECTIVELY 
ENHANCING THE ISOLATION OF ANAEROBIC MICROORGANISMS 
CONTAINED IN A MIXED SAMPLE WITH FACULTATIVE MICROORGANISMS 

The present application claims the benefit of priority to U.S. Provisional 
Application Serial No. 60/246,872 filed on November 8, 2000. 

Field of the Invention 

The present invention is directed to the field of microbiology, and in 
particular to compositions, processes and devices for isolating and/or 
identifying anaerobic microorganisms. 

Background of the Invention 

Anaerobic microorganisms are organisms which have the ability to grow 
in the absence of oxygen. The term, anaerobe, is commonly reserved for 
those organisms which, in nature, normally grow in (or, in the case of 
obligatory or strict anaerobes, can only grow in) anaerobic habitats. These are 
environments in which oxygen is absent. The anaerobes lack the ability to 
synthesize an oxygen-linked respiratory chain and must, therefore utilize 
alternate energy-yielding metabolism processes, such as fermentation, 
photosynthesis, etc. 

Some anaerobic-like microorganisms can also grow under aerobic 
conditions. These are called facultative anaerobes or microbes as opposed 
to strict or obligatory anaerobes. In essence, these organisms generally prefer 
an oxygen environment but are capable of living and growing in its absence. 
Consequently, facultative microbes are capable of growing and/or surviving in 
the presence or absence of molecular oxygen. 



Anaerobe microorganisms are economically important in health care, in 
food industry, and in the environment. However, anaerobes are difficult to 
isolate and grow because of their requirement for anaerobiosis and a 
chemically reduced state. To achieve these conditions requires specially 
prepared media to produce the reduced state and devices to create and 
maintain an oxygen free environment. The techniques that are required to use 
these devices add time and cost to working with anaerobes. New approaches, 
such as use of biocatalytic oxygen reducing agents, see for example the 
Oxyrase® microbiological products and processes, (U.S. Patent Nos. 
4,476,224; 4,996,073; 5,240,853; 5,432,083; 5,362,501; and 5,482,860) and 
specially design Petri dishes or culture plates, such as OxyDish™, (U.S. Patent 
Nos. 5,830,746 and 5,955,344) of Oxyrase, inc., Mansfield, Ohio (the assignee 
of the present invention), have simplified and reduced costs for isolating and 
growing these important microbes. The above mentioned patents are included 
herein by reference. 

However, the very nature of anaerobes and the places that they are 
found conspire to make their isolation difficult. Because anaerobes lack 
respiratory enzymes for utilizing oxygen, they derive less energy from 
substrates than do facultative microbes, that have these enzymes. That 
means when anaerobes grow together with facultative microbes, some 
facultative microbes grow faster and more efficiently than do the anaerobes. 

Furthermore, the majority of clinical specimens (80% to 85% ) are mixed 
with both anaerobe and facultative microbes. Samples taken from food and 
from the environment often contain mixed cultures. If grown together, the 
facultative microbes often out grow the anaerobes, resulting in a diminution of 



the anaerobe numbers relative to the facultative microbes. 

Additionally, when a specimen is spread onto a plate for isolated 
colonies, often the number of individual colonies obtained is about 100 or less. 
If the ratio of anaerobe to facultative falls to about 1%, the isolation of the 
anaerobe on a plate may be missed. 

The crowding of facultative microbes and the presence of a relatively 
infrequent anaerobe on the same plate makes isolation of the anaerobe in 
pure form difficult. Not only is the anaerobe colony difficult to find, but it is 
often located in a crowded field that makes picking the colony difficult to do. 

To be able to efficiently isolate a pathogenic anaerobe from among a 
mixed flora in a clinical specimen is important to the patient and can impact 
the cost of health care associated with treating that patient. The time it takes 
to recognize the presence of an anaerobe in a food sample is important to 
public health issues and to the economics of food packaging, storage, and 
shipment. 

The object of this invention is to provide a medium (or a medium 
composition), process and/or device that retards or restricts the growth of 
facultative microbes, but not that of anaerobe microbes. The medium 
composition comprises a nutrient medium, an oxygen reducing agent 
(preferably, biocatalytic) and a cyanide, azide, and/or other related inhibitor 
compounds. These compounds act by chemically, irreversibly bonding to key 
enzymes or factors in the respiratory chain, thereby disabling them from 
handling oxygen. Such selective use of inhibitors restricts the growth of 
facultative microbes and removes the relative advantage that facultative 
microbes have when competing with anaerobe microbes. 



Accordingly, it is an object of the present invention to provide an 
improved media composition, method and/or device for isolating and/or 
identifying anaerobic microorganisms contained in a mixed culture sample with 
facultative microorganisms. 

These and other objects and features of the invention will be apparent 
from the following summary and description of the invention and from the 
claims. 

Summary of Invention 

The present invention addresses all of the foregoing objectives and 
provides a medium composition, method and device for the rapid recognition, 
isolation and identification of anaerobes from samples that contain facultative 
microorganisms. 

In one aspect, the present invention is directed to a medium, broth or 
agar, and a method of utilizing the same, in order to isolate and/or identify 
anaerobes from a mixed sample that contains facultative microorganisms. The 
medium contains an inhibitor of the electron transport system, such as a salt 
of azide (N3"), cyanide (CN" ) or related compounds. These inhibitors are 
present in an amount sufficient to limit the growth of facultative microorganisms 
under anaerobic conditions while not inhibiting the growth of the anaerobe 
microorganisms. Preferably, the inhibitor is present in the amount of from 
about 0.1 mg/ml to about 1.0 mg/ml in broth medium, and from about 0.01 
mg/ml to 1.0 mg/ml in agar medium. 

In another aspect, the invention relates to a method for the rapid 
recognition, isolation, or identification of anaerobes from mixed samples that 



also contain facultative microorganisms comprising the following steps: 

a. providing a medium composition comprising a nutrient 
medium and a salt of an azide, wherein the azide is present in an amount 
sufficient to limit the growth of facultative microorganisms while not limiting the 

5 growth of anaerobic organisms; 

b. inoculating a sample into the medium composition; 

c. incubating the inoculated medium composition 
anaerobically; 

d. comparing growth in the medium composition, with partial 
^2 10 growth with the azide being indicative that an anaerobe is present; and, 

^ e. sampling the medium composition containing the azide for 

,1 further characterization and isolation of the anaerobe organism. 

In a further aspect, the invention is directed to a device for the transport 
H of a sample that contains anaerobes and facultative microbes to enable the 

53 15 recovery of the anaerobes, wherein the device comprises: 

I' ! i 

H a. a medium composition comprising limited nutrients such 

as salts or buffers, liquid or solid, and an effective concentration of a salt of 
azide; and, 

b. a means for creating an anaerobic environment for the 
20 medium composition. 

In a still another aspect, the invention concerns a medium composition 
which allows for the selective growth of anaerobic microbes contained in a 
mixed sample also containing facultative microbes. The medium composition 
comprises a microbiological nutrient medium containing a hydrogen donating 
25 substance, a plurality of oxygen scavenging membrane fragments which 
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contain an electron transport system which reduces oxygen to water in the 
presence of a hydrogen donor, and an inhibitor of the electron transport 
system required for cellular respiration, wherein the inhibitor is present in an 
amount sufficient to limit the growth of facultative microbes while not limiting 
the growth of anaerobic microbes. Preferably, the oxygen scavenging 
membrane fragments are derived from the cytoplasmic membranes of bacteria 
or they are derived from membranes of mitochondrial organelles. 

In a still further aspect, the present invention is directed to a medium 
composition which restricts the growth of facultative microbes but not 
anaerobic microbes comprising a nutrient medium containing a hydrogen 
donating organic substrate, one or more oxygen scavenging membrane 
fragments derived from the cytoplasmic membranes of bacteria or from the 
membranes of mitochondrial organelles of non-bacterial organisms, and an 
inhibitor of the electron transport system required for aerobic respiration. 

In an additional aspect, the invention relates to a method for the 
selective growth and isolation of an anaerobe from a mixed sample also 
containing a facultative microbe, said method comprising the steps of: 

a. providing a medium composition comprising a nutrient 
medium containing a hydrogen donating substance, oxygen scavenging 
membrane fragments which contain an electron transport system which 
reduces oxygen to water in the presence of a hydrogen donor, and an inhibitor 
of the electron transport system required for respiration, wherein the inhibitor 
is present in an amount sufficient to limit the growth of the facultative microbe 
but not of the anaerobes; 

b. inoculating the medium composition with the mixed 
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sample; and, 

c. incubating the medium composition containing the mixed 
sample under anaerobic conditions. 

The foregoing has outlined some of the most pertinent objects of the 
invention. These objects should be construed to be merely illustrative of some 
of the more prominent features and applications of the intended invention. 
Many other beneficial results can be attained by applying the disclosed 
invention in a different manner or by modifying the invention within the scope 
of the disclosure. Accordingly, other objects and a more detailed 
understanding of the invention may be had by referring to the drawings, the 
detailed description of the invention and the claims which follow below. 

Brief Description of the Drawings 

The following is a brief description of the drawings which are presented 
for the purposes of illustrating the invention and not for purposes of limiting the 
same. 

Figure 1 is a photograph showing the growth of C. perfringens at 
various azide concentrations. 

Figure 2 is a photograph showing the growth of R levii at various azide 
concentrations. 

Figure 3 is a photograph showing the growth of £. coli at various azide 
concentrations. 

Figure 4 is a photograph showing the growth of P. mirabilis at various 
azide concentrations. 

Figure 5 is a photograph comparing the growth of B. fragilis on culture 



plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella OxyPlate™") 
azide. 

Figure 6 is a photograph comparing the growth of C. perfringens on 
culture plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella 
OxyPlate™") azide. 

Figure 7 is a photograph comparing the growth of P. levii on culture 
plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella OxyPlate™") 
azide. 

Figure 8 is a photograph comparing the growth of D. anaerobius on 
culture plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella 
OxyPlate™") azide. 

Figure 9 is a photograph comparing the growth of F. nucleatum on 
culture plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella 
OxyPlate™") azide. 

Figure 10 is a photograph comparing the growth of E. coli on culture 
plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella OxyPlate™") 
azide. 

Figure 1 1 is a photograph showing a growth of the anaerobe B. fragilis 
along with the facultative microbes E. coli and P. mirabilis in culture plates 
containing ("AnaSelect OxyPlate™") or lacking ("Brucella OxyPlate™") azide. 

Figure 12 is a photograph showing a growth of the anaerobe P. 
anaerobius along with the facultative microbes E. coli and P. mirabilis In 
culture plates containing ("AnaSelect OxyPlate^"**") or lacking ("Brucella 
OxyPlate™") azide. 

Figure 13 is a photograph showing a growth of the anaerobe P. levii 
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along with the facultative microbes E. coli and P. mirabilis in culture plates 
containing ("AnaSelect OxyPlate™") or lacking ("Brucella OxyPlate™") azide. 

Figure 14 is a photograph showing a growth of the anaerobe F. 
nucleatum along with the facultative microbes E coli and P. mirabilis in culture 
plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella OxyPlate™") 
azide. 

Figure 15 is a photograph showing a growth of the anaerobe C. 
perfringens along with the facultative microbes £. coli and P. mirabilis in 
culture plates containing ("AnaSelect OxyPlate™") or lacking ("Brucella 
OxyPlate™") azide. 

Detailed Description of the Preferred Embodiments of the Invention 

The present invention relates to a liquid or solid medium composition 
for the selective enhancement of growth of anaerobes from a mixed sample 
also containing facultative microorganisms. The sample may be obtained from 
patients, animals (particularly economically important animals such as 
livestock), food, pharmaceutical or environmental sources. The medium 
composition comprises a nutrient medium, optionally an oxygen reducing agent 
(preferably a biocatalytic oxygen reducing agent such as oxygen scavenging 
membrane fragments), and an inhibitor of the respiratory electron transport 
system, such as a salt of azide, cyanide or like compounds. 

It was found that the inclusion of an inhibitor (or poison) that blocked the 
respiratory function completely stopped, or practically stopped, all growth of 
various facultative microbes under anaerobic conditions. This is while at the 
same time growth of anaerobes were relatively unaffected. 



This discovery was then applied to biocatalytic oxygen reducing agents 
such as the Oxyrase® microbiological products. However, the inventors were 
not optimistic about the outcome since the essence of these agents are the 
respiratory enzymes that are inhibited by these poisons. In fact, the inventors 
found that growth of Escherichia coli under anaerobic conditions is completely 
inhibited, or nearly so, by these poisons. This is the microbe that is the source 
of the respiratory enzymes used in the oxygen scavenging membrane 
fragments found in the commercial Oxyrase® products. Unexpectedly, the 
inventors found that isolated respiratory enzymes bound to a membrane were 
resistant to the affect of these poisons or inhibitors at levels that limit or stop 
the growth of the intact microbe. This unexpected finding allowed the 
extension of this invention to that of certain anaerobic media containing 
biocatalytic oxygen reducing agents such as the oxygen scavenging membrane 
fragments found in the Oxyrase® microbial products. 

Further the inventors found that even though growth of the facultative 
microbe could be stopped or greatly limited, the facultative microbe remained 
viable and would grow when then placed in or on a medium lacking the poison 
or inhibitor. This observation gave rise to another invention, that of a method 
to reduce the time to recognize the presence of an anaerobe and to 
significantly aid in the separation and isolation of the anaerobe from the 
facultative microbes present. 

The first step of this method is to inoculate the specimen, or mixed 
culture, into an anoxic broth tube containing an effective concentration of the 
poison that will inhibit or greatly retard the growth of the facultative microbes 
while leaving the anaerobe microbes unaffected. The second step is to use 
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the enriched broth culture to inoculate plated media that contains an effective 
concentration of the poison and to incubate the plate under anaerobic 
conditions. The first step amplifies the anaerobes present, which leads to their 
recognition and aids in their identity. The second step provides isolated 
colonies of the anaerobe free of facultative microbes that make possible 
purification and characterization of the anaerobe microbe. 

The presence of an anaerobe is detected in the first step of this method 
by comparing growth in a tube containing the poison to a tube lacking it. 
Growth in the tube with the poison is an indicator that an anaerobe microbe is 
present. A sample is then removed for microscopic observation and for testing 
by means of DNA probes. RNA probes, or specific antibodies to rapidly identify 
any target anaerobe present. 

Plating the amplified anaerobe cells from the selective broth medium 
onto solid media containing the poison and incubating that plate anaerobically 
provides a means to obtain isolated colonies of the anaerobe free from 
facultative colonies. However, the inventors have found that facultative 
microbes may not grow or grow very little in the broth tube with poison under 
anoxic conditions, but they will remain viable. If plated onto an agar medium 
without poison, then the still numerous facultative cells grow and crowd the 
plate, making observation and isolation of the anaerobe colony difficult. 
Plating onto a plate containing the poison and incubating it anaerobically 
further limits facultative microbes which then allows for enhanced isolation of 
the anaerobe microbe. 

The nutrient media utilized in the invention is any liquid or solid 
preparation suitable for the growth, maintenance, storage, differential, isolation 



11 



and/or identification of microorganisms. Tliese include those utilized for the 
Initiation of a culture (or subculture), for enrichment, or for diagnostic 
(identification) tests of various organisms. These are tests in which the identity 
of a given organism may be deduced from the characteristics of its growth in 
or on particular media. Preferably, the nutrient media is particularly suitable 
for the growth, isolation and/or identification of. anaerobes. 

Solid medium usually consists of liquid medium which have been 
solidified (i.e. "gelled") with an agent such as agar or gelatin. The degree of 
solidification can also vary, with stiff agar being preferred to inhibit "swarming" 
and semi-solid or "sloppy" agar being used to observe other characteristics. 
Before utilization, such medium Is preferably sterile. 

Moreover, anaerobes require an oxygen-fi^ee gaseous above the surface 
of the medium and a medium free from dissolved oxygen. Even under these 
conditions, some anaerobes may not grow unless the medium has been pre- 
reduced, i.e. poised at or below a particular redox potential. Consequently, 
reducing agents, such as those containing sulphhydrl groups (e.g., HjS, 
cysteine, thioglycollate) may also be included in the medium composition of the 
present inventors. 

Examples of commonly available medium being suitable for use for the 
selective growth of anaerobes is in the present invention, include, but are not 
limited to. Brain Heart Infusion, Brucella, CDC Anaerobe, Nutrient, Schaedler, 
Thioglycollate or Trypticase Soy. These are in both broth or agar form. 

Additionally, the medium may be made anaerobic in an anaerobic jar, 
chamber or bag. An anaerobic jar is a container used for the incubation of 
materials (e.g. inoculated media) in the absence of oxygen or, in general. 
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under gaseous conditions otiier than atnnospheric. Tliese are commonly 
known under the designations "Brewer Jar", "Gaspalc", "Mcintosh and Filde's 

Anaerobic Jar", etc. 

Alternatively, the medium may be made anaerobic through the use of 
biocatalytic oxygen reducing agents such as the Oxyrase® enzyme system 
available from Oxyrase, Inc. of Mansfield, Ohio. In this regard, "Oxyrase® for 
Agar" is a filtered enzyme additive used to produce anaerobic conditions in a 
wide variety of bacteriological agar medium. Similarly, "Oxyrase® for Broth" is 
an enzyme additive used to produce anaerobic environments in bacteriological 
broth medium. Both of these mediums (media) are commercially available in 
sterile (EC) and non-sterile (EC/NS)-form. 

The above-identified biocatalytical oxygen reducing agents consists of 
an enzyme system derived from the cytoplasmic membranes of 
microorganisms such as E. coli. The commercially available agents consists 
of a buffered suspension of membrane particles, 0.2 microns or smaller. The 
enzyme system is active over wide pH and temperature ranges. The exact 
amount of membranes containing the enzyme systems needed to reduce 
oxygen in the medium varies by a number of parameters including pH, 
temperature, kinds and amounts of substrate present, surface to depth ratio 
of the container, and headspace volume. As understood by those skilled in the 
art, some experimentation may be necessary to optimize the effectiveness of 
the membranes. 

The prefen-ed biocatalytic oxygen reducing agent utilized in the invention 
is comprised of oxygen scavenging membrane fragments which contain an 
electron transport system which reduces oxygen to water in the presence of 
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a hydrogen donor. These oxygen scavenging membrane fragments can be 
derived from the cytoplasmic membranes of bacteria and/or from the 
membranes of mitochondrial organelles of a large number of higher non- 
bacterial organisms. Other known biocatalytic oxygen reducing agents such 
as glucose oxidase, alcohol oxidase, catalase, etc. can also be supplemented 
or utilized in the present invention, although generally less preferably. 

The biocatalytic oxygen reducing agents suitable for use in the Invention 
are non-toxic to microorganisms. Being catalysts, they are dynamic and highly 
efficient at reducing the oxygen in a trapped headspace, such as in a specially 
designed culture dish, OxyDish™. The biocatalytic oxygen reducing agents 
use substrates that are commonly found in microbiological media and that are 
natural to microorganisms to effect this reaction. Optionally, hydrogen 
donating substances can be added to the media. The products produced from 
this reaction are also natural and non-toxic to microorganisms. The use of the 
biocatalytic oxygen reducing agents makes possible the opening and closing 
of this dish if necessary and continues to reduce the oxygen trapped in the 
headspace after each occurrence. 

The culture dish ("OxyDish™") containing the oxygen reducing agent 
(see U.S. Patent Nos. 5,830,746 and 5,955,344) provides a means to work 
with anaerobic microorganisms free of the complications and expense of 
anaerobic bags, jars, incubators, or chambers. Consequently, use of these 
culture dishes is preferred. Each dish is light in weight and is designed to be 
stacked without crushing the solid (agar or gelatin-based) medium in the lower 
dishes in the stack. The dishes can be made of low cost materials, preferably 
plastic, they are designed to be readily molded, they are sterllizable, and 
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preferably they can be disposable after use. Because of the Incorporation of 
a biocatalytic means of removing oxygen, an enlarged headspace is also 
optionally provided. This enlarged headspace relieves the difficulties produced 
by moisture condensation. 

Moreover, the dish top of the OxyDish™ in certain embodiments, has 
a small dome or cavity designed to contain an anaerobic gas (such as COj) 
generating pad or indicator strips to show the anaerobic state within the 
headspace of the closed culture dish. A variation of this dish design provides 
for additional removal of moisture from the dish as needed by placing pores 
in the bottom of the dish base. This feature prevents the build-up of excess 
condensate inside the dish which leads to flooding of the agar media surface. 
The pores are too small to let molten agar media flow out of the dish, yet they 
provide an exit for moisture. Any oxygen intruding into the dish through these 
pores must pass through the media containing the oxygen reducing agent. 
This intruding oxygen is removed before it can diffuse to the top layer of media 
or into the headspace where it would interfere with growth of anaerobic 
microorganisms. 

The "OxyDish™" is also designed for automated preparation of agar or 
gelatin-based media plates necessary for commercial production. When in the 
up-right position, the dish can be readily filled with molten medium (such as a 
molten agar or gelatin-based media) without the sealing ring contacting the 
medium surface. When stored or used, the dish is placed into an inverted 
position. In this position, a seal (i.e. a media-ring seal) is formed by the 
contact of the sealing ring of the dish top with the media surface contained in 
the dish bottom when the media surface comes to rest on the sealing ring. 
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This creates a headspace defined by the media surface, the inside wall of the 
sealing ring, and the Inside top of the dish lid. 

Furthemiore, \when the culture dish is utilized with the oxygen reducing 
agent such as a biocatalytic oxygen reducing agent, the oxygen reducing agent 
in the media reacts with the oxygen trapped in that headspace. This reaction 
renders the headspace sufficiently low in oxygen such that microorganisms 
affected by the presence of oxygen can grow on the media surface typically 
within 24 to 48 hours when the dish is incubated at 35° C to 37° C. in an 
aerobic incubator. Any oxygen that intrudes Into the dish around the media- 
ring seal or through the plastic is removed by the action of the reducing agent. 
The catalytic reducing agent facilitates the design and function of this dish. 

The preferred biocatalytic oxygen reducing agents suitable for use in the 
invention include the use of sterile membrane fragments derived from bacteria 
having membranes which contain an electron transport system which reduces 
oxygen to water in the presence of a hydrogen donor in the nutrient medium. 
It is known that a great number of bacteria have cytoplasmic membranes 
which contain the electron transport system that effectively reduces oxygen to 
water if a suitable hydrogen donor is present in the medium. Some of the 
bacterial sources include Escherichia coli. Salmonella typhimurium, 
Gluconobacter oxydans, and Pseudomonas aeruginosa. These bacterial 
membranes have been highly effective in removing oxygen from media and 
other aqueous and semi-solid environments. 

The same oxygen reducing effects produces by the cell membrane 
firagments from the bacterial sources indicated above, are also present in the 
membrane of mitochondrial organelles of a large number of higher non- 
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bacterial organisms. More particularly, a great number of fungi, yeasts, and 
plants and animals have mitochondria that reduces oxygen to water, if a 
suitable hydrogen donor is present in the medium. Some of the sources of 
oxygen reducing membranes from these mitochondria are: beef heart muscle, 
5 potato tuber, spinach, Saccharomyces, Neurospora, Aspergillus, Euglena and 
Chlamydomonas. The process of producing the useful mitochondrial 
membrane fragments involves the following steps: 

1. Yeast, fungal cells, algae and protozoa, having 
mitochondrial membranes containing an electron transfer system which 

10 reduces oxygen to water, are grown under suitable conditions of active 

aeration and a temperature which is conducive to the growth of the 
cells, usually about 20''C to 45'' C in a broth media. Alternately, 
mitochondria may be obtained from the ceils of animal or plant origin. 

2. The cells are collected by centrifugation or filtration, and 
IS are washed with distilled water. 

3. For the preparation of crude mitochondrial membrane 
fragments, a concentrated suspension of the cells is treated to break up 
the cell walls and mitochondria. This is accomplished by known means, 
for example, by ultrasonic treatment or by passing the suspension 

20 several times through a French pressure cell at 20,000 psi. 

4. The cellular debris is removed by low speed centrifugation 
or by microfiltration (cross-flow filtration). 

5. The supernatant or filtrate is subjected to high speed 
centrifugation (175,000Xg at 5°C) or ultrafiltration. 

25 6. For the preparation of material of higher purity, the cells 
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of step 2 are suspended in a buffer containing 1.0 M sucrose and are 
treated by means which break up the cell walls or membranes but leave 
the mitochondria intact. This is accomplished by known means, for 
example, by ultrasonic treatment, passage through a French pressure 
cell at low pressure, enzymatic digestion or high speed blending with 
glass beads. 

7. The cellular debris from step 6 is removed by differential 
centrifugation or filtration. 

8. The supernatant or retentate from step 7 is passed 
through a French Press at 20,000 psi to break the mitochondria into 
small pieces. 

9. Mitochondria debris from step 7 is removed by 
centrifugation at 12,000Xg for approximately 15 minutes or by 
microfiltration, 

10. The supernatant or filtrate from step 9 is subjected to high 
speed centrifugation (175,000Xg at S^'C) or ultrafiltration. 

1 1 . The pellet or retentate from step 5 (crude mitochondrial 
fragments) or the pellet or retentate from step 10 (purified mitochondrial 
membrane fragments) are resuspended in a buffer solution at a pH of 
about 6.0 to about 8.0. A preferred buffer solution is 0.02 M solution of 
N-2-hydroxyethylpiperazine-N'-2-ethane sulfonic acid (HEPES). 

12. The membrane fragments in the buffer solution are then 
passed under pressure through a filter having openings of about 
0.2 microns. 

13. The suspension is then stored at about -20*'C for later use 
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or it may be freeze dried. 

Furthermore, while many solidified medium do not require the addition 
of a hydrogen donor in order for the enzyme system present in the membrane 
fragments to reduce the oxygen present in the product to water, when 
synthetic medium or medium failing to contain a hydrogen donating substance 
are utilized, the addition of a hydrogen donor (i.e., an organic substrate) may 
be necessary in order for the membrane fragments to perform their oxygen 
removing functions. Suitable hydrogen donors are lactic acid, succinic acid, 
alpha-glycerol phosphate, formic acid, malic acid, and where available, their 
corresponding salts. 

The present invention is further illustrated by the following examples. 
It is to be understood that the present invention is not limited to the examples, 
and various changes and modifications may be made in the invention without 
departing from the spirit and scope thereof. 

A. Comparison of Broth Cultures with Azide 

An initial test was done to determine if anaerobes would grow at azide 
concentrations that Inhibited common facultative microbes. Azide (N3") is an 
inhibitor of the electron transport system where it prevents the reduction of the 
oxidized as component of cytochrome oxidase. In this regard, the sodium salt, 
NaNg, has been found to be an inhibitor of electron transport which blocks 
electron flow from cytochrome oxidase to oxygen. 

In this test, sodium azide was added to 5 ml Brain Heart Infusion ("BHI") 
broth tubes at a final concentration of 0.1 mg/ml. Oxyrase® for Broth consists 
of sterile membrane fragments obtained from Escherichia coli. To each tube 
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was added Oxyrase® for Broth to create an anaerobic environment. 

The tubes were then inoculated with stock cultures of a panel of 
anaerobes and facultative microbes as indicated below. The microbes 
Escherichia coli and Proteus mirabiiis were chosen as representatives of 
facultative microbes because they are often encountered in clinical samples 
and are fast growing aggressive microbes that compete with anaerobe 
microbes. The broth was over-laid with sterile mineral oil to prevent oxygen 
from reentering the broth. The tubes were incubated at 37°C for about 24 
hours and the presence or absence of growth noted. A sample was removed 
from each tube and streaked onto a Brucella OxyPlate"", devoid of any azide 
which was incubated for three days at 37**C before recording the results (See 
Table 1). 

Table 1 

Growth of Selected Anaerobes and Facultative Microbes 
In Broth Containing Azide 



Culture Observation 

Un-inoGulated Control No Turbidity 
Anaerobe microbes 

Bacteriodes frag/Us ++++ 

Bifidobacterium adeiocentis ++++ 

Fusobacterium nuc/eatum ++++ 

Porptiyromonas ievii No Turbidity 

Peptostreptococcus + 

anaerobtus 
Facultative microbes 

Escherictiia coii No Turbidity 

Proteus mirabiiis No Turbidity 



OxyPlate^ 



++++ 



++++ 
+ 



+++ 
+++ 
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This preliminary experiment showed that at 0.1 mg/ml of azide in anoxic 
broth, most anaerobes grow whereas two commonly encountered facultative 
microbes did not grow. Furthermore, the results show that the azide did not 
inhibit the enzyme system found in Oxyrase® that was used to create the 
anaerobic environment. Also, even though visible growth was not present in 
the P. levii tube, the microbe grew as evidenced by colonies on the plate 
inoculated with this culture. Their was no explanation for the lack of growth 
of P. anaerobius on the plate in contrast to the obvious growth, albeit low, in 
the tube. Azide was bacteriostatic for the facultative microbes. Even though 
they did not grow in the presence of azide in anoxic broth, they retained their 
viability as determined by the numerous colonies on a plate inoculated with a 
sample from these tubes. 

B. Assays of Oxyrase® with Azide 

The preliminary experiment describe above had several unexpected 
outcomes. One was the sensitivity of Escherichia coli to azide while the 
Oxyrase® Enzyme System, which is obtained from E. coli, is insensitive to the 
same amount of azide. The inventors then set out to detemnine the affect of 
azide on the Oxyrase® Enzyme System. Three concentrations of azide (1 .0 
mg/ml, 0.1 mg/ml, and 0.01 mg/ml) were tested for its affect on Oxyrase 
activity as measured polargraphically with a Gilson Oxygraph. This instrument 
measures dissolved oxygen concentration and records It with time. Standard 
conditions used to measure Oxyrase® activity were chosen. An amount of 
Oxyrase® was mixed with the stated concentrations of sodium azide in tubes 
and incubated at 37°C for up to 90 minutes. Samples were taken at 0 time. 
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45 minutes and 90 minutes of incubation. The activity of the Oxyrase was 
determined with the Gilson Oxygraph and the results expressed in Oxyrase® 
units (See Table 2). 



Table 2 



Oxyrase Activity at Vahous Concentrations of Azide 



Time 



Oxyrase Activity 



Azide Concentration 



1,0 mq/ml 



0.1 mq/ml 



0.01 mq/mi 



0 min. 



115u/ml 



115 u/mi 



115 u/mi 



45 min 



115 u/ml 



115 u/ml 



115 u/ml 



90 min 



115 u/ml 



115 u/mi 



115 u/ml 



These results clearly show that Oxyrase® activity is resistant to at least 
lOX the concentration of azide that inhibits growth of cells of £. coH under 
anaerobic conditions. Growth in anoxic broth was inhibited by 0.1 mg/ml of 
azide, and possibly less. These results show that the Oxyrase® Enzyme 
System can be used to generate anaerobic conditions in the presence of high 
concentrations of azide without any apparent effect on the activity of the 
enzyme system of the biocatalytic oxygen reducing agent of Oxyrase®. 

C. Effectiveness of Azide In Agar Plated Media for Preferentially 
Inhibiting Facultative Microbes 

Isolation and purification of microorganisms is performed by streaking 
an inoculum of the microbe onto the surface of an agar plate and then picking 
isolated colonies that arise after incubation. These colonies are used for study 
of the pure culture. This is a basic technique that lies at the heart of the 
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science of microbiology. The inventors found that azide could be used in 
anoxic broth to preferentially inhibit facultative microbes. Subsequently, the 
inventors sought to determine if this same effect would be observed on solid 
agar medium. 

A series of test OxyPlates™ were made containing Brucella medium 
with Oxyrase® and different concentrations of sodium azide (0.01 mg/ml, 0.02 
mg/ml, and 0.04 mg/ml). A drop of inoculum from a broth culture of stocks of 
microbes was streaked onto each plate. The plates were incubated 3 days at 
37°C and observed. The results are presented in Table 3. 



Table 3 

Growth of Select Anaerobe and Facultative Microbes 
on Azide Containing OxyPlate™ 



Growth on Azide OxyPlate™ 



Azide Concentration > 


0 


0.01 


0.02 


0.04 




mg/ml 


mg/ml 


mg/ml 


mg/m 


Anaerobe microbes 










Bacteriodes .fragilis 


++++ 


++++ 


++++ 


++++ 


Clostridium perfringens 


++++ 


++++ 


++++ 


++++ 


Fusobacterium nucleatum 


+++ 


+++ 


+++ 


+++ 


Porphoramonas ievii 


++++ 


++++ 


++++ 


+++ 


Peptostreptococcus 


++++ 


++++ 


++ 


+ 


anaerobius 










Facultative microbes 










Escherichia coli 


+++ 


+ 


+/- 




Proteus mirabilis 


++++ 


++ 


+ 
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These results demonstrate that azide in agar with an anoxic 
environment produced by the oxygen scavenging membrane fragments has 
little if any impact on growth of anaerobe microbes, but has a significant 
adverse affect on the growth of facultative microbes. P. mirabilis is a very 
motile microbe and typically swarms on agar surfaces. This behavior 
complicates single colony isolation of other microbes on a plate with P. 
mirabilis. The inventors noted that under anoxic conditions and at 
concentrations of azide above 0.1 mg/ml and when P. mirabilis is diluted to 
isolated colonies, swarming is inhibited. This effect of azide provides an 
additional benefit for the isolation of anaerobes in the presence of P. mirabilis. 

D. Observations on the Effect of Azide Concentration on Broth 
Cultures 

The inventors next set out to determine the range of azide 
concentrations that are effective in anaerobic broth culture. Brain Heart 
Infusion (BHI) broth medium was prepared by adding azide at different 
concentrations. Oxygen scavenging membrane fragments, i.e. Oxyrase® for 
Broth, was added to each tube prior to inoculation to reduce the environment 
and to create and maintain an anaerobic environment. Stock cultures were 
diluted 1:10 and 0.1 ml and were inoculated into sterile, 5.0 ml, BHI broth in 
tubes. In the case of F. nucleatum and P. anaerobius, the stock culture was 
not diluted before inoculation and 0.5 ml was inoculated into the BHI tube. 
The tubes were incubated for 48 hours at Zl^'C before the following 
observations were made (See Table 4). 
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Table 4 

Effect of Azide Concentration of Broth Cultures 



Azide Concentration 



Culture 

Anaerobe microbes 
Bacteriodes fragiiis 
C/ostrld/um perfringens 
Fusobacterium nucleatum 
Porphyromonas levu 
Peptostreptococcus anaerobius 
Facultative microbes 
Escherichia coii 
Proteus mirabilis 



0 mg/ml 0.01 
mg/ml 



++++ 
++++ 



++++ 



++++ 
++++ 



++++ 
++++ 



++++ 



+ 

++ 



0.02 0.04 
mg/ml mg/ml 



++++ 
++++ 



+++ 



+/- 
+ 



+++ 
++++ 



++ 



+/- 



The results showed that the anaerobe microbes grow in the presence 
of azide whereas the facultatives are inhibited by azide under anaerobic 
conditions. As the concentration of azide is increased, growth of some 
anaerobes are slightly affected, but less than that of the facultative microbes. 
Photographic examples of these results are shown for C perfrmgens (Figure 
1, note the characteristic gassing), P, levii (Figure 2), E. coli (Figure 3), and 
P. mirabilis (Figure 4, the yellow markers show the level of growth in the tube). 

Samples of the above cultures were plated on Brucella OxyPlate™ 
devoid of any azide. Even though the level of growth of F. nucleaturr) and P, 
anaerobius was below visible turbidity at 48 hours (less than 10^ CFU/ml), the 
plates had numerous colonies. Continued incubation of these cultures for up 
to 5 days results In visible growth. One of the facultative microbes, Proteus 
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mirabilis is more tolerant of azide than is Escherichia coli in anoxic broth, but 
it is unable to grow at the higher levels of azide. Plating of the facultative 
microbes results in numerous colonies which shows that most cells retain 
viability even thought their growth is limited in anoxic broth. These results 
show that azide in broth and anoxia provides an advantage for the growth of 
the anaerobe microbe over that of the facultative microbe and that this 
advantage can be optimized by selecting an effective concentration of azide. 

E. Comparison of OxyPlate™ Cultures with and without Azide 

A concentration of azide (0.025 mg/ml) was chosen to make Brucella 
OxyPlates™. A drop of stock culture was streaked onto a control plate, 
lacking azide, and onto a plate containing azide, designated AnaSelect^. The 
plates were incubated at Z7°C for three days and the photographs taken. The 
results are shown for the anaerobes B, fragilis (Figure 5), C, perfringens 
(Figure 6), P. levii (Figure 7), P. anaerobius (Figure 8), and nucleatum 
(Figure 9), and for the facultative £. coli (Figure 10). 

Examination of the photographs show that growth for anaerobe 
microbes on the azide containing plate was very similar to that on the control 
plate without the azide. In contrast, growth for the facultative E. coli on the 
azide containing plate under anaerobic conditions was greatly limited 
compared to the control plate. A similar result was observed for the facultative 
P. mirabilis, but a photograph was not available. 
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F. Recovery of Anaerobes from Mixed Suspensions with Facultative 
Microbes 

The results show that growth of anaerobe microbes is unaffected by 
concentrations of azide that limit the growth of facultative microbes. The 
inventors then set out to determine if this relative difference would aid in the 
recovery of anaerobes in the presence of facultative microbes. 

Stock cultures of the facultative microbes E. coli and P. mirabilis were 
adjusted to a density equivalent to a IVIcFarland 0.5. A further 1:10 dilution 
was made of this adjusted suspension. The relative numbers of colony 
forming units in these suspensions would be in the range of 1X10^ to 1X10^ 
CFU/ml. Equal amounts of these suspensions were mixed with stock cultures 
of an anaerobe. The anaerobe culture would have a range of CFU like that 
of the diluted ^cultative suspension. In some cases, the anaerobe culture was 
diluted 1:10 before adding to the mixture. 

A calibrated loop full (0.01 ml) of these suspensions was streaked onto 
a Brucella OxyPlate™ (control) and onto an AnaSelect™ (Brucella medium 
with 0.025 mg/ml of azide) OxyPlate™. The plates were incubated two or 
three days and photographed. The photograph is identified by the anaerobe 
present. 

B. fragilis (Figure 11): The control plate is densely covered with 
colonies that are those of the £. coli and P. mirabilis. It would be very 
difficult to identify or to pick an isolated R fragilis colony from this plate. 
In contrast, the AnaSelect™ plate contains relatively fewer colonies of 
E, coli and P. mirabilis (marker b ), but does contain numerous, isolated 
colonies di BJragilis (marker a). 
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P, anaerobius (Figure 12): The control plate is densely populated by 
the facultative microbes. Note that P. mirabilis is spreading over the 
surface of the agar (marker a). Although not clearly observable in this 
photograph, spreading of this microbe has occurred throughout the 
plate, which makes isolation of separate, single colonies difficult to 
impossible. One cannot find a clearly observable anaerobe on this 
plate. In contrast, the AnaSelect™ plate contains fewer facultative 
microbes. The colonies of P. mirabilis (marker b) are contained and not 
spreading on this AnaSelect™ plate. Clearly identifiable and separate 
colonies of the anaerobe P. anaerobius are readily found on this plate 
(marker c). 

P. few/ (Figure 13): The same commentary applies to this photograph. 
Colonies of P. mirabilis on the AnaSelect™ plate are contained and not 
spreading (marker b). Well separated and identifiable colonies of the P. 
levii are shown on the AnaSelect™ plate (marker a). 

F. nucleatum (Figure 14): The same commentary applies to this 
photograph. Note the swarming of P, mirabilis (marker a) on the control 
plate and the contained, nonspreading colonies on the AnaSelect™ 
plate (marker b). The target anaerobe, F. nucleatum is readily 
observable on the AnaSelect™ plate (marker c). 

C- perfringens (Figure 15): The interaction of P. mirabilis and C. 
perfringens creates a different situation. P. mirabilis actively swarms 
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on the control plate and on the AnaSeiect plate (marker a). Swarming 
on the control plate is extensive, whereas, swarming on the AnaSeiect™ 
plate is limited to that portion of the streak that is most dense with 
microorganisms (top of plate). Note that when single colonies are 
observable, P, mirabilis does not swarm (marker c). On this portion of 
the plate (bottom) readily identifiable and separate colonies of C. 
perfn'ngens are found (marker b). 

These results clearly show that under anoxic conditions plates 
containing azide have a very practical application for separating and isolating 
anaerobe microbes from mixtures containing superior numbers of facultative 
microbes. This can not be done on anoxic plates without azide. 

Q. Method for Rapidly Recognizing, Isolating, and Identifying 
Anaerobe Microbe in Mixed Culture with Facultative Microbe 

Currently, mixed broth cultures heavily favor the growth of facultative 

microbes. Anaerobes are diluted to extinction by growth of facultative 

microbes. Isolation of anaerobes from mixed broth cultures fails for this 

reason. The ability of azide to preferentially favor the growth of an anaerobe 

microbe over that of a facultative microbe in anoxic broth creates an 

opportunity to develop a method whereby an anaerobe can be selectively 

isolated from a mixed broth culture containing facultative microbes. There are 

many situations where samples contain a mixture of anaerobe and facultative 

microbes (clinical labs, food samples, environmental samples). Broth culture 

has advantages over plate culture for growing anaerobes. An anoxic 

environment can be created and maintained in broth more readily than in plate 
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culture (at less cost also). Anaerobe cells can be transferred from a sample 
to broth with minimal exposure to air, thereby limiting detrimental affect of 
exposure to oxygen for fastidious anaerobes. Detection of growth is often 
quicker in broth than on plates. Once obtained, cells in broth are easily 
manipulated. 

For these reasons the inventors set out to develop a method using broth 
culture as the primary step for the detection, identification, and isolation of 
anaerobes from a mixed culture containing facultative microbes. The first step 
is the selective enhancement of the anaerobe at the expense of the facultative 
microbe by cultivation in anoxic broth containing oxygen scavenging 
membrane fragments and azide. At this point sufficient enrichment has 
occurred to make identification possible through microscopic observation of a 
gram stain and or through use of DNA probes, RNA probes, or specific 
antibodies. Purification of the anaerobe microbe is accomplished by the 
second step of plating the broth culture onto a plate containing azide and 
incubating that plate anaerobicaliy. The combination of broth enrichment and 
isolation on a plate, under the selective affects of azide and anoxic growth, 
provide a powerful method to obtain the anaerobe from a mixed culture. 

A mixed suspension of £, co//, P. mirabilis, and the target anaerobe 
were made by combining 1 part of each. Stock cultures E coli and P. mirabilis 
were first adjusted to a cell density equivalent to a 0.5 McFarland of which a 
1:10 dilution was made. The stock cultures of the target anaerobes were 
diluted 1:10 before being added to the mix, except for B. fragilis, which was 
diluted 1:100. The objective is to have a majority of cells in the mix being 
facultative microbes. 
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To tubes containing 5.0 ml of BHI broth were added Oxyrase for Broth 
(1 drop per ml of medium) which creates and maintains an anaerobic 
environment Sets of tubes were made to 0.1 mg/ml, 0.2 mg/ml and 0.4 mg/ml 
with sodium azide. 

Each tube was inoculated with 0,1 ml of the mixed suspension of 
microbes. The broth was overlaid with sterile mineral oil to assure anaerobic 
conditions during incubation. The inoculated tubes were incubated at 37°C for 
48 hours. 

Observations: Control tubes, not containing azide, were heavily turbid 
throughout the broth from the bottom of the tube to the top of the broth. 
Tubes containing azide had varying degrees of turbidity starting at the 
bottom of the tube and extending upward, but not to the top of the 
broth. Generally, growth in the azide containing tube was greater at the 
lowest concentration of azide and less as the concentration of azide 
increased. Growth of the mixed cells was limited (selective) in the 
tubes containing azide. 

The tubes were mixed and a sample streaked onto blood agar 
OxyPlates™, one containing 0.025 mg/ml azide. The plate without azide is 
identified as Control. The plate containing azide is identified as AnaSelect™. 
The plates were incubated at 37°C for three days before observation. 

Observations: A narrative of what was observed for each mixed 
culture set follows. The culture is identified by the target anaerobe 
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microbe that was added to the mix. Only the observations from the 
culture tube containing the azide are recorded below. The tube 
containing the lowest concentration of azide that successfully separated 
the anaerobe was reported below. The results from the culture tube not 
containing azide were uniformly the same. The colonies on the plates 
were £. colt and P. mirabilis and the P. mirabilis swarmed on the agar 
surface. One could not recognize identifiable anaerobe colonies on 
these plates. 

5. fragiffs: (0.2 mg/ml) Control: Numerous colonies. Distinguishable 
anaerobe colonies not observable. AnaSelect™: Recognizable and 
separated B. fragilis colonies in abundance. P, mirabilis colonies 
present, but no swarming. 

C. perfringens: (0.1 mg/ml) Control: A few recognizable C. perfringens 
colonies among numerous colonies of £. coli and P, mirabilis, which 
swarmed. AnaSelect™: Numerous, well isolate C. perfringens colonies 
obtained. P. mirabilis swarmed in the densely growing region of the 
streak. 

P, levii: (0.1 mg/ml) Control: Mix of colony types. P, mirabilis 
swarmed. Anaerobe not recognizable. AnaSelect™: Mixed colonies. 
Recognizable and separated colonies of P. levii obtained. P. mirabilis 
not swarmed. 
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p. anaerobius: (0.1 mg/ml) Control: Mix of colony types. Anaerobe not 
recognizable. AnaSelect™: Fewer colonies, many of which are P. 

anaerobius. 

F. nucleatum: (0.1 mg/ml) Control: Mix of colony types. P. mirabilis 
swarmed. 

Anaerobe not clearly recognizable. AnaSelect™: Fewer colonies. P. 
mirabilis not swarmed. Few colonies that appear to be F. nucleatum 
(not confirmed). 

Several conclusions can be drawn from this experiment: 

1. Mixed cultures of facultative microbes with anaerobe microbes grown 
in broth anaerobically under non-selective conditions yield 
ovenwhelmingly facultative microbes. Anaerobes are impossible to 
identify on plates inoculated with these cultures. 

2. Mixed cultures of facultative microbes with anaerobe microbes grown 
in broth anaerobically with azide yield isolated, identifiable colonies of 
the target anaerobe. It is apparent by observation that growth in these 
cultures is selective, that is turbidity is lower than in the control and is 
limited to the lower half of the broth column. From other experiments, 
the inventors knew that the growth of anaerobe microbes is unaffected 
by azide; whereas, growth of facultative microbes is limited by azide. 
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3. The facultative microbes put into the selective environment of azide and 
anoxia is at a growth disadvantage relative to the anaerobe microbe, 
but the facultative microbes retain viability as observed when these 
cultures are inoculated onto an anaerobicaily incubated, non-selective 
medium (Control in above Observations). Growth of the anaerobe 
microbe in broth under the favorable, select conditions with azide 
amplify their number, but under the conditions of this experiment where 
the initial number of facultative microbes are very high, isolation and 
separation of the anaerobe is not readily doable on a non-selective 
plate. 

4. The power of the AnaSelect™ Method, that uses a combination of 
selective broth cultivation followed by plating on a selective plate, is 
clearly demonstrated in this example. In each case, it was possible to 
further limit the numbers of facultative microbes and to contain the 
spreading of P. mirabilis by plating the selected broth culture on a 
selective plate. In four out of five examples, clearly identifiable and 
separated colonies of the target anaerobe were obtained by this 
method. In the fifth example for F. nucleatum, the colonies were like 
those of F. nucleatum but they were not confirmed to be F, nuc/eatum, 

H. Use of AnaSelect™ Method with Clinical Specimens 

A common routine in the clinical laboratory is to inoculate a specimen 
onto blood agar media. If an anaerobe is suspected then two plates are 



34 



inoculated. One plate is incubated aerobically and the other is incubated 
anaerobically. These are called primary plates. The plates are used to isolate 
the microbes present in the specimen as individual colonies. The 
morphological characteristics of the colonies helps to identify the kind of 
microbe present. The aerobically incubated plate and the anaerobically 
incubated plate are compared. The presence of a colony type on the 
anaerobically incubated plate that is not present on the aerobically incubated 
plate is presumptive evidence that an anaerobe microbe is present. 

Concurrently with planting the primary plates, the specimen is inoculated 
into a broth medium, usually Thioglycollate broth, as a "back up" to the primary 
plates. If an anaerobe is suspected, then two tubes are inoculated. One tube 
is incubated aerobically and the other anaerobically. Often the broth cultures 
are only used if a primary plate failed or a suspected microbe was not isolated. 
Then the broth culture would be plated onto blood agar plates as done for the 
primary isolation procedure and the resulting colonies studied. 

In some clinical laboratories use of Thioglycollate broth tubes as a back 
up to primary plates is discontinued because the results are not useful. 
Anaerobe microorganisms are infrequently recovered from the broth tubes. 
The facultative microbes, often found in mixed infections, out grow the 
anaerobes present. It is this situation that AnaSelect™ was designed to 
correct, namely to prevent or retard the growth of facultative microbes while 
allowing any anaerobe microbes present to grow. 

The purpose of the AnaSelect™ trial in the clinical laboratory was to 
determine that the results obtained in the laboratory would be replicated with 
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specimens that contain mixed populations of microbes of unknown and 
uncontrolled composition. 

I. Comparison of AnaSelect™ Thioglycollate broth tubes to Standard 
Thioglycollate tubes 

AnaSelect^^ Thioglycollate broth tubes contained the poison sodium 
azide as describe in this invention. They were made by adding oxygen 
scavenging enzyme fragments, i.e. Oxyrase® for Broth, containing sodium 
azide to Thioglycollate broth medium. These tubes were included in the 
routine procedure for analyzing patient specimens in a clinical laboratory. 
Thioglycollate tubes containing Oxyrase® for Broth were incubated aerobically 
because the Oxyrase® creates and maintains an anaerobic environment within 
the tubes. The same specimens were inoculated into Thioglycollate broth and 
incubated in an anaerobic environment, as is the standard practice in this 
laboratory. 

Twenty five specimens were processed. The tubes were incubated at 
35°C to 37°C for 48 hours. A sample was taken from the Standard Thio tube 
and from the AnaSelect™ Thio tube and streaked onto blood agar plates. 
Thirteen of the twenty five tube pairs were exactly the same and not reported. 
Eleven of the tube pairs were different from each other and the results are 
reported in Table 5. 
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Table 5 

Results Comparing Standard Thioglycollate 
to Oxyrase AnaSelect™ Thioglycollate 





Standard Thio 


AnaSelect"'" Thio 


1 


Gram neg rod (aerobic) 


negative 


2 


Staphylococcus 


negative 


3 


Staphylococcus 


negative 


4 


Staphylococcus/Diptheroid 


Diptheroid 


5 


Gram neg rod (aerobic) 


P. magnus 


6 


Staphylococcus 


negative 


7 


Gram pos cocci; Gram neg 
rods; Gram pos rods 
(aerobes) 


Staphylococcus 


8 


Staphylococcus 


negative 


9 


Yeast 


negative 


10 


Staphylococcus 


Peptostreptococcus sp 


1 11 


Staphylococcus 


negative 



Observations 

44% of the Thio tubes from randomly chosen patient specimens 
differed. Among those that differed, anaerobes were found in two of the 
AnaSelect™ Thio tubes (#5 and #10); whereas, no anaerobes were found in 
the Standard Thio tubes. The plates from Standard tubes #5 and #10 showed 
growth of aerobe and facultative microbes that were not reported on the plates 
from the same specimens from the AnaSelect^" tubes. 

Seven of the eleven AnaSelect™ tubes were reported as negative (no 
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growth) on plates; whereas, the corresponding Standard Thio tubes reported 
growth of aerobic or facultative microbes. Of the two AnaSelect™ tubes that 
yielded growth of facultative microbes (#4 and #7), the number and kinds of 
facultative microbes in the con-esponding Standard tubes were greater. 

Interpretation of Results: 

This comparison of Standard Thio tubes and AnaSelect™ Thio tubes 
from randomly chosen patient specimens is in complete agreement with the 
controlled laboratory experiments using mixed cultures reported before. The 
clinical evaluation demonstrate the practical value that AnaSelect™ brings to 
isolating anaerobes from patient specimens. This evaluation supports the 
conclusions that: 

1. In Standard Thio broth inoculated with clinical specimens, 
facultative microbes out grow anaerobes. 

2. In AnaSelect™ Thio broth inoculated with clinical specimens, 
growth of facultative microbes is discouraged. 

3. Anaerobes were isolated from AnaSelect™ Thio but not Standard 
Thio tubes inoculated with clinical specimens. 
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J. Comparison of Isolates from AnaSelect™ Thio Tubes to Isolates 
from Primary Plates 

A second evaluation was done using AnaSelect™ Thio tubes inoculated 
with patient specimens. The tubes were incubated 48 hours at 35°C to 37°C 
before plating on blood agar plates. Of 40 patient specimens, 12 were positive 
for anaerobes on either the primary plate, the plate from the AnaSelect™ Thio 
tube, or both. Of those positive specimens, the kind of anaerobes found on 
the primary plate and the plates from the AnaSelect™ Thio tube were 
compared. The results are reported in Table 6. 



Table 6 

Comparison of Isolates on Primary Plates 
to Plates from AnaSelect™ Thio 





Isolates from Primary Plate 


Isolates from AnaSelect™ Thio 


1 


Fusobacterium, P magnus 


data lost 


2 


P. magnus 


P. magnus 


3 


negative 


Peptostreptococcus sp. 


4 


P. micros 


P. micros 


5 


P. micros 


P. micros 


6 


negative 


Lactobacillus sp. 


7 


P. micros 


negative 


8 


Bacteriodes sp, 
Fusobacterium 


Peptostreptococcus, P. magnus, 
Bacteriodes sp. 


9 


P. magnus 


negative 


10 


P. magnus 


negative 


11 


negative 


P. magnus 


12 


Peptostreptococcus sp. 


Peptostreptococcus sp. 
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Observations 

1. In three of the 12 positive specimens anaerobes were found on 
the plates from the AnaSelect™ Thio tube that were not found on 
the primary plates (#3, #6, and #11). 

2. In three of the 12 positive specimens anaerobes were found on 
the primary plates that were not found on the plates from the 
corresponding AnaSelect Thio tubes (#7, #9, and #10). 

3. In one specimen (#8), different anaerobes were found on the 
primary plate than what was found on the plate from the 
comparable AnaSelect™ tube. 

Interpretation of Results 

These resulte show that the AnaSelect™ Method is equivalent to primary 
plates for the detection and isolation of anaerobes from patient specimens. 
The resulte suggest that the combination of primary plates and the AnaSelect™ 
Method detects more anaerobes than either one alone. 

K. Comparison of Isolates from Primary Plates to isolates from Plates 
from AnaSelect™ Thio 

This evaluation was a repeat of the 2"" evaluation with a difference 
being the AnaSelect™ Thio tube was incubated 72 hours at 35°C to 37''C 
instead of 48 hours. Some fastidious anaerobe microbes grow slowly. In 
some specimens the number of anaerobes inoculated into the tube may be 
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low. This incubation time modification was done to leam if there was any 
affect on the kinds and numbers of anaerobes recovered in the AnaSelect™ 
Thio tube. Of 36 specimens tested, 14 were positive for anaerobes. The 
results are presented in Table 7. 



Table 7 

Comparison of Isolates on Primary Plates 
to Plates from AnaSelect™ Thio 





Primary Plates 


AnaSelect™ Thio Plates 


1 


P.magnus, Peptostreptococcus 
sp 


P. magnus, Peptostreptococcus 

sp 


2 


P. magnus, Bacteroides sp., 
Prevotella 


P magnus, Bacteroides sp., 
Prevotella 


3 


P. magnus 


P. magnus 


4 


P. magnus 


P. magnus 


5 


B. fragills grp 


B. fragilis grp 


6 


negative 


P. magnus 


7 


Bactericides sp, Fuse sp., P. 
magnus 


Staph!. Fuso sp. 


8 


P. magnus 


P. magnus, Anaerobe Gram neg 

rod 


9 


Bacteroides sp. 


data not recorded 


10 


P. magnus 


P. magnus 


11 


Peptostreptococcus sp 


Peptostreptococcus sp 


12 


P. magnus, Prevotella 


P. magnus, Prevotella 


13 


P. magnus 


P. magnus 


14 


Anaerobe Gram pes rod, 
Prevotella 


Anaerobe Gram pos rod, 
Prevotella 
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Observations 

1. In 10 out of 14 positive specimens, the number and kind of 
anaerobes found on the primary plate and on the plate from the 
AnaSelect^" Thio tube were the same. 

2. In one specimen (#6), an anaerobe was found on the 
AnaSelect^"^ Thio plate that was not found on the primary plate. 

3. In two specimens (#7 and #8) the anaerobes found on the 
primary plate and the AnaSelect^" plate were not the same. For 
specimen #7, the number of anaerobes found on the primary 
plate was greater than on the AnaSelect^" Thio plate; whereas, 
the reverse result was found for specimen #8. 

Interpretation 

The results from the third trial supports the conclusion that the 
AnaSelect™ Method is equivalent to primary plates for finding anaerobes in 
clinical specimens. The data again suggests that the combination of primary 
plates and the AnaSelecl™ Method yields more anaerobes than either method 
alone. There was no evidence to indicate that longer incubation of the 
AnaSelect™ Thio tube increased the recovery of anaerobes from patient 
specimens. 
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Conclusion 

These trials with random, clinical specimens support and reinforce the 
data from controlled experiments. They confer a higher standard because 
clinical patient specimens are the ultimate test for the AnaSelect™ Method. 
Clinical specimens contain variable number and kinds of facultative and 
anaerobe microbes. This work was carried out amid the flow of processing 
patient specimens in a hospital laboratory by several different technicians. The 
results demonstrate the efficacy of the AnaSelect™ Method for finding 
anaerobes in mixed infections. 

Some additional conclusions supported by these clinical trials: 

1 . Standard Thio cultures are not reliable for obtaining anaerobes 
from mixed infection because the facultative microbes out grow 
the anaerobes. 

2. AnaSelect™ Thio broth cultures yield fewer facultative microbes 
than Standard Thio broth cultures, which accounts for the 
successful isolation of anaerobes from AnaSelect™ broth 
cultures. 

3. The number and kind of anaerobes obtained from AnaSelect™ 
Thio broth cultures are equivalent to those found on primary 
plates. This supporte the conclusion that AnaSelect™ allows the 
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growth of anaerobes indiscriminately, while limiting the growth of 
facultative microbes. 

4. The combination of the AnaSelect™ Method with primary plates 
yields more anaerobes than either method alone. 

The invention has been described with reference to the preferred 
embodiments. Obviously, modifications and alterations will occur to others 
upon reading and understanding the preceding detailed description. It is 
intended that the invention be construed as including all such alterations and 
modifications insofar as they come within the scope of the claims and the 
equivalents thereof. 
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